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Lapses, or misreporting errors, can aﬀect accuracy of threshold measurements. Assumptions about lapse rate, especially in
untrained observers, have consequently guided the design of at least one clinical psychophysical test. Lapse rate was assessed using
a verbal letter identiﬁcation paradigm like that used in visual acuity and letter contrast sensitivity testing. Subjects occasionally made
slip-of-the tongue errors but spontaneously corrected them. Lapse rate (excluding such errors) was 0–3 errors per 1536 (average rate
of 0.0005). In this common clinical paradigm, in which observers set their reporting pace, and where opportunity to amend respons-
es is available, lapse rate is negligible.
 2005 Elsevier Ltd. All rights reserved.
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metric function1. Introduction
Lapses, also called misreports, or extraneous noise
are errors that are unrelated to failures of stimulus
detection or discrimination. They can occur even when
an observer detects, discriminates, and identiﬁes the
stimulus perfectly. They may occur because the observer
fails to pay attention to the task, because they are
attending to the wrong stimulus, or in the case of auto-
mated psychophysical testing, because they have
blinked, or have inadvertently pressed the wrong re-
sponse button.
Lapse rate is usually modeled as k, the departure
from perfect performance in the upper asymptotic re-
gion of the psychometric function (w; see Fig. 1). Lapses
are most evident at the upper asymptote of w, where
they prevent perfect performance, but they may occur
at any stimulus intensity. When they occur well below
threshold in the lower asymptotic region of w, they have
the same eﬀect as chance responding and are thus moot.0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2005.06.014
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E-mail address: aarditi@lighthouse.org.When they occur in the region of w where the slope is
positive, they are an additional source of performance
variance.
Because lapses are by deﬁnition unrelated to sensory
aspects of performance, they are of limited substantive
interest to psychophysicists, but because they can aﬀect
ﬁtting of psychometric function data, their potential ef-
fects must be addressed. Failure to account for them
accurately can result in biases and decreased precision
of slope and location (threshold) parameters of w
(Swanson & Birch, 1992; Wichmann & Hill, 2001). Since
obtaining these parameter values, especially threshold, is
often the sole purpose for collecting psychometric func-
tion data in the ﬁrst place, it is important either to use
models that are not sensitive to lapses, or to have a
means to determine, with reasonable conﬁdence, what
the lapse rate is.
Lapses are, to most experimenters, a nuisance. Be-
cause they occur infrequently, it is diﬃcult to indepen-
dently accurately estimate their rate. They may be
estimated by adding lapse rate as another free parameter
in a performance model, but to do so greatly increases
the amount of data that must collected, for a given
Fig. 1. The Weibull functional form of the psychometric function,
showing k, the lapse rate, as the departure from perfect performance,
when stimulus intensity is substantially above threshold. In this
example, the probability of a correct guess and the lapse rate are both
0.1.
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tant to consider in the development of good clinical tests
(Pelli, Robson, & Wilkins, 1988), which, for reasons of
eﬃciency, must make assumptions about psychometric
function parameters other than the one of interest (usu-
ally threshold), rather than estimate them from the data.
Lapses are generally presumed to occur more frequently
in clinical work than in basic psychophysics (Klein,
2001; Pelli et al., 1988), making it especially important
to use paradigms in that setting that can be shown to
have high accuracy even when substantial lapses are
expected (Pelli et al., 1988) or that can be shown to have
very low lapse rates (Swanson & Birch, 1992).
The purpose of this study is to assess frequency of
lapses in the task of verbally reported letter identiﬁca-
tion as typically used in clinical visual acuity and con-
trast sensitivity measurements. Note that it is
impossible to empirically estimate lapse rate at or near
threshold, because in this region errors of detection or
discrimination may be due either to sensory or extrane-
ous factors, and there is no way to know which of these
caused the errors. It is only in the upper asymptotic re-
gion where sensory factors can be ruled out, where the
stimulus is unequivocally detectable, that empirical lapse
estimates can be made. Thus, the measurements report-
ed here all use unequivocally legible, decipherable, and
suprathreshold stimuli.Fig. 2. Sample (ﬁrst page) of the sequence of letters used in the
experiment. Actual size of the page was 8.5 · 11 in.2. Methods
Lapse rate was measured in 10 normally sighted, na-
ı¨ve observers, aged 22–82 years, using randomlygenerated, large, high contrast Sloan letters (Sloan,
1959) printed on white, letter size (8.5 · 11 in.) paper.
Letters are used as optotypes in many clinical tests,
including the Pelli–Robson Contrast Sensitivity Test
(Pelli et al., 1988), the Mars Letter Contrast Sensitivity
Test (Arditi, 2005), and the ETDRS acuity charts (Fer-
ris, Kassoﬀ, Bresnick, & Bailey, 1982). The use of large,
high contrast letters made it reasonable to assume that
errors observed were truly lapses and not related to
problems in seeing or encoding the letters. The use of
normally sighted observers made it reasonable to as-
sume that errors were not due to a visual disorder.
Letters on each page were arranged in eight rows of
six letters each, as on an acuity chart (except that the let-
ters were all large—1.75 cm on a side, 2 at 50 cm, just
discernible at that distance with acuity of 20/480), or a
letter contrast sensitivity chart (except that the letters
were all high contrast—close to 1.0). The letter sequence
was random, except that, as in most letter test charts, the
same letter never appeared in adjacent positions either
vertically or horizontally. The ﬁrst page of the 32-page
sequence is shown in Fig. 2.
No practice was given, and the only experience sub-
jects had in the speciﬁc task of reading large high con-
trast letters was presumably through prior routine eye
care, screenings, and drivers licensure.
Participants were simply asked to read the letters
aloud while holding the pages at a comfortable distance
or on the table before them. The simple instruction to
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Each observer read 1536 letters.
The experimenter listened to the responses vigilantly
and recorded errors, which were all assumed to be laps-
es, by hand on a clipboard. Because the letters ‘‘C’’ and
‘‘Z’’ are phonetically similar, there were a few instances
in which the experimenter was unsure of which of these
two letters was spoken. In these cases, the experimenter
accepted the ambiguous letter as correct, and asked the
participant to try to speak these letters clearly so as to
make them easier to distinguish.
If an error was made and was not spontaneously cor-
rected by the subject prior to the reading of the next line,
the experimenter recorded it as an initial lapse. If an er-
ror was corrected prior to the reading of the next line, it
was not counted as a lapse.
After ﬁnishing reading that page, the subject was
asked to re-read the line with the lapse. Re-reading
was delayed until the end of the page to avoid alerting
the subject to the presence of an error. Errors on re-
reading were recorded as ﬁnal lapses.3. Results
Results are shown in Table 1. Of a total of 15,360 let-
ters read, only seven initial lapses were made, yielding an
average initial lapse rate of 0.000456. Six of the 10 par-
ticipants made no errors at all; the maximum initial
lapse rate observed in a single participant was 0.002.
The ﬁnal (after re-reading) lapse rate was 0.0000. Thus
the last column of Table 1 is all zeros, as would be
expected from the low lapse rate.4. Discussion
The average initial lapse rate result reported here is
inconsistent with earlier ideas about lapses in clinicalTable 1
Ages, log MAR visual acuities, and lapses for the 10 participants of the
study
Participant Age Log MAR Initial lapses Final lapses
DC 22 0.08 0 0
PO 25 0.08 0 0
JL 26 0.02 0 0
KB 33 0.02 1 0
CD 34 0.08 0 0
VC 35 0.08 2 0
HG 37 0.10 1 0
TD 62 0.02 0 0
EF 81 0.10 3 0
MC 82 0.32 0 0
Initial lapses were those made and not spontaneously corrected during
reading of each line. Final lapses were those that remained after later
asking participants to re-read lines on which an initial lapse had been
observed.letter identiﬁcation tests. Pelli et al. (1988), for example,
presumed that lapses would be substantial in letter con-
trast sensitivity. They designed their chart using the
same Sloan letters used in the present study, and based
it on the predictions of a simple Weibull model. In
applying their model to arrive at their ﬁnal chart design,
they assumed that k was substantial, about 1% in expe-
rienced, and up to 5% in inexperienced, observers. Elli-
ott, Bullimore, and Bailey (1991) assessed letter
contrast sensitivity test–retest reliability empirically,
and based on their ﬁndings and the model of Pelli
et al. (1988) inferred that lapse rate was above 2%. Since,
however, their estimate was based solely on error rate,
which includes sensory, and lapse errors, this inference
is not valid. Neither Pelli et al. nor Elliott et al. made
empirical measurements of lapse rate. The present re-
sults suggest that lapses may be two or more orders of
magnitude less frequent than these earlier estimates.
There are good reasons to believe that lapse rate in
typical clinical test situations is probably substantially
lower even than the 0.0005 observed here as the initial
lapse rate. First, scoring diﬀers from that of the present
experiment in that in most situations it is common, and
considered perfectly appropriate, to ask for the re-read-
ing of a line where an error has been made, precisely so
that the clinician can be sure that the error was visual in
nature. Psychophysical purists, however, would argue
that asking for re-reading of lines is a potential source
of bias.
The present experiment simulates that situation by
asking later, after the page is ﬁnished, for the re-reading
of lines where errors were made. (Re-reading was not
solicited immediately after the error was made, to avoid
cueing the participant as to the location of a lapse.) In
every case where an initial error was made, the error
was corrected when the subject was asked to re-read
the line with the error, so that the average ﬁnal lapse rate
was nil. In typical clinical test situations, then, where
such re-reading is common, the eﬀective lapse rate is
probably much lower even than the 0.0005 average
initial error rate observed here.
A second reason that lapse rates might be much lower
is that in a procedure like the method of limits, lapse
rate arguably becomes substantially lower as the observ-
er approaches threshold. For example, in a visual acuity
test, as letters become smaller and smaller, the observer
is likely to attend more, scrutinize the stimulus, and take
more time to respond than he or she might on the higher
lines where the identiﬁcations are easy.
It is interesting to note that during the present exper-
iment participants (especially those who read quickly)
stumbled several times during the test, making errors
when letters had phonetic similarities (e.g., ‘‘C’’ and
‘‘Z,’’ ‘‘D’’ and ‘‘V’’), or occasionally reversing the order
of a pair of letters. Participants almost always revoked
the incorrect responses and spontaneously corrected
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most of these transient errors did not have an impact
on their performance in the experiment. A few, of
course, were not spontaneously corrected, and were
counted as lapses.
Such errors are probably analogous to many ‘‘button
errors’’ we observe in automated experiments, except
that button errors cannot be retracted and resubmitted,
as they can in the present experiment. Average response
rate ranged from 1.2 to 2.8 letters/s, but there are not en-
ough data from the four participants who had nonzero
lapse rates to draw any conclusions regarding the rela-
tionship between rate of responding and lapses.
What about lapse errors in the experimenter, who
was recording and scoring the lapses of the participant?
Might these have occurred, and if so, would not this re-
sult in an underestimate of the lapse rate? The experi-
menter might have lapsed in two ways: failing to
record a lapse that occurred in the participant (which
would lead to an underestimate of lapse rate), and laps-
ing by scoring a correct letter as incorrect (which would
lead to an overestimate). Admittedly, since the over-
whelming majority of responses are correct, the experi-
menter is subject to a response bias that makes the
former kind of experimenter lapse more likely than the
latter. It is diﬃcult to know what the experimenter lapse
rate might be from these data, though since the experi-
menter did not have to verbally produce letters, one
might suppose it to be lower than that of the partici-
pants. However, even if the experimenter failed to re-
cord one lapse for every lapse observed, and all such
lapses were of the kind that led to underestimating lapse
rate, true lapse rate would still be only doubled, a small
increase compared to the factor of 100 diﬀerence be-
tween the present results and earlier estimates.
Why have lapses become an issue in contemporary
psychophysics? In earlier times, before psychophysics
was conducted in rapid, automated experiments,
responses were mostly verbal, and with the exception
of reaction time experiments, almost always revocable.
Nowadays, however, computer technology gives us the
opportunity to collect copious amounts of threshold
data at high rates, using ‘‘expert’’ observers who press
response buttons at a furious pace and often make judg-
ments within a single second. These observers are not
given the opportunity to change their response, nor to
take a second try at a perceptual judgment, the way they
do with clinical vision testing, because the press of a but-
ton, keyboard key, or some other ‘‘ballistic’’ device does
not allow it. Indeed, expert observers usually are
instructed (or instruct themselves) that a small number
of errors are to be expected as ‘‘button’’ or ‘‘blink’’errors, and that they will make only a small diﬀerence
when the data are averaged. From this perspective, the
lapses of contemporary psychophysics are a cost in re-
duced accuracy that we trade for being able to collect
huge amounts of threshold data.5. Conclusion
The present results, contrary to earlier suggestions
(Elliott et al., 1991; Pelli et al., 1988) indicate that the
clinical psychophysical procedure of verbal reporting
of letters may be inherently resistant to lapses. They also
suggest that in this task, and perhaps in some other
related psychophysical paradigms, lapses are extraordi-
narily infrequent, and can safely be ignored. Finally,
they show that verbal reporting, and other procedures
that encourage slower and revocable responses, may re-
duce or eliminate the need to include the nuisance
parameter of lapse rate in psychometric function model-
ing of empirical data.Acknowledgment
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